By N. HAMILTON FAIRLEY, M.D. THESE notes are the summary of the results of personal investigations on methemalbumin made in London and Macedonia during the last five years.
Methoemalbumin is a brown extracorpuscular pigment first described by in blackwater fever and subsequently named by the writer (1937) pseudo-methoemoglobin, owing to its resemblance to methoemoglobin with which it had formerly been confuised. Following its synthesis from alkaline hmatin and crystalbumin I have recently renamed it methlmalbumin (1938) . Methmem- albumin has now been demonstrated in the plasma in incompatible transfuision, nocturnal, and other types of hoemoglobinuria except myohmemoglobinuria, and in certain haemolytic anoemias without haemoglobinuria. It mav also be present in large amounts in pancreatic cyst fluid, and heematosolphin.
Spectrum -If plasma, collected from a severe case of blackwater fever some twenty-four hours after hoemolysis has commenced, be examined, the spectrum is found to consist of an a band in the red (623-624 ,u,u) about midway between that of methoemoglobin (630 yti) and sulphoemoglobin (618 utim), a well-defined ,f band corresponding to the a band of oxyhmmoglobin and a diffuse general absorption commencing in the green at about 548 [qj depending on the concentration of different pigments present.
Tf a similar specimen be collected some twenty-four hours after hamolysis has ceased, it is occasionally possible to obtain plasma which contains no demonstrable haemoglobin in a layer of 3 cm. thickness. Spectroscopic examination under these circumstances fails to show the presence of the I8 band, only the a band in the red and the diffuse general absorption in the green portion of the spectrum persisting. Similarly, in any intravascular haemolysis direct spectroscopic examination of the plasma reveals this composite spectrum resembling methaemoglobin, which can only be differentiated with certainty on the Hartridge reversion spectroscope or by certain chemical tests. Thus the addition of concentrated ammonium sulphide (1/10 volume) to each c.c. of serum results in the formation of a haemochromogen with metha&malbumin, whereas methaemoglobin forms only reduced hoemoglobin. If 1 drop of diluted ammonium sulphide (10%) or 2 drops of Stoke's reagent be added per c.c. of plasma, the a band is dispersed in the case of methaemoglobin but persists with methaemalbumin. Differences are also demonstrable with sodium fluoride, hydrazine hydrate (50), and hydrogen peroxide (10 volumes).
The extracorpuscular distribution of methaemalbumin, the position of its a band when examined on the Hartridge reversion spectroscope, and the different chemical behaviour with ammonium sulphide and Stoke's reagent outlined above, readily enable this pigment to be differentiated from methaemoglobin which in congenital methaemoglobincythaemia, drug poisoning, and enterogenous eyanosis, is located essentially within the corpuscle.
General chemical behaviour. When methaemoglobin is reduced with sodium hydrosulphite, reduced haemoglobin appears which, on shaking in air, changes to oxvhbomoglobin. When a brown solution of methaemalbumin is similarly treated with sodium hydrosulphite the colour changes to red but a new compound, haemalbumin, is produced without the formation of any intermediary compound corresponding to reduced haemoglobin. This compound, hoemalbumin, is not unlike oxyhemoglobin spectroscopically except that its a and /3 bands are displaced some 7 to 8 tyt towards the short wave-length of the spectrum. When plasma containing methaemalbumin is treated with sodium hydrosulphite and coal gas (CO) a carboxyhaemalbumin compound is formed very similar spectroscopically to carboxyhaemoglobin. Within limits the reaction is reversible, for after neutralization with dilute sodium carbonate and bubbling oxygen through the solution methaemalbumin re-forms though not in quite the same concentration as in the original solution. Similarly, on treatment with sodium hydrosulphite and sodium hydroxide, a hemochromogen is produced which is indistinguishable spectroscopically from globo-proto-h,cmochromogen.
Though its spectroscopic picture and chemical behaviour are not in all respects analogous to that of methwmoglobin, the data available suggest that it is modelled on the metliemoglobin pattern and, as will be indicated in the next section, that while the prosthetic group is similar the protein component is native serum albumin insteadl of native globin. Synthesis in vitro. On incubating solutions of haemoglobin with human plasma at 403 C. for twenty-four to seventy-two hours, found that methamalbumin and not hbumatin was demonstrable. The same observers also noted that the addition of alkaline h.matin to human serum or plasma produice(d a pigment with an a band in the red portion of the spectrum colinear with that of inethamalbumin (623 up). Still more recently investigations with serum protein fractions showed that alkaline himatin only produced methemalbumin wAith the albumin fraction of human serum and not with pseuidoglobulin or euglobulin fractions, while in the albumin fractions of human serum itself alkalinehaematin was found to combinewith crystalbumin, but not with globoglycoid or seroglycoid supplied by Dr. L. F. Hewitt. While studying the absorption curves of hiematin in blood-serum Heilmeyer (1934) noted the alteration in the spectrum of alkaline haematin when added to serum and suggested this was due, not to an alteration in pH, but to the haematin combining with some protein constituent of plasma. Heilmeyer described the maximum intensity of the absorption band in the red at 620 uu, and two absorption bands in the green at about 533 and 495 ,u. On the Hartridge reversion spectroscope our observations show that the a band is located at 623-624 t,u, the band at about 541 ,u and the y band at 501 ,u,u. Actually, in plasma derived from cases with intravascular hemolysis it is not possible to identify separately thetvwo bands seen in the green in the synthesized pigment sincethey are obscured by the general diflf ise absorption caused by bilirubin and possibly other pigments. I)r. A. S. McFarlane has found in the ultracentrifuge that whereas a mixture of haematin and recrystallized egg albumin behaves like colloidal h~ematin, methaemalbumin sediments at the same rate as serum albumin. In the cataphoresis tube the human albumin-haematin mixture shows a homogeneous methaemalbumin boundary migrating at a slightly different rate from serum albumin. These facts indicate a firm union of albumin and haematin involving chemical linkage.
Synthe8i8 in vivo.-Following the intravenous injection of alkaline haematin in man in a dosage of 5 mgm. per kilo body-weight, methaemalbumin is immediately produced, and provided a sufficient thickness of plasma be examined (10 cm.) it can be demonstrated spectroscopically up to twenty hours after such injections, and for a variable time thereafter (ten hours or so) by means of Schumm's haemochromogen test. This test, which consists in adding one-tenth its volume of concentrated ammonium sulphide to plasma covered with a layer of ether, indicates methaemalbuminaemia and not haomatinwemia, as has been suggested by previous workers on the subject.
Following intravenous injections of 5 grm. of haemoglobin Duesberg (1934) failed to obtain positive results in the plasma with Schumm's test except when there was hepatic disease. I have recently found, however, that in patients with normal livers receiving larger amounts of haemoglobin intravenously (15-30 grm.) the plasma will constantly give a positive Schumm's test some six to twelve hours after the injections.
CONCLUSIONS
The general conclusion reached as a result of these investigations is that in man methaemalbumin is formed from extracorpuscular heemoglobin when blood is destroyed in large quantities and remains in the circulation for a sufficient period of time.
During the extracellular katabolism of hsemoglobin, the molecule is split into globin and haem. The haem is oxidized to hwmatin which promptly unites with serum albumin to form methaemalbumin, the latter not passing through the kidney and never appearing in the urine. Recent work by Rimington indicates that haematin injected intravenously produces an increased porphyrin excretion in the faeces. In view of these findings and the observations of Duesberg (1935) it is evident that, like bilirubin, methaemalbumin is disposed of via the liver and would be present in greater concentration in the circulation when intravascular haomolysis was associated with liver disease. This I have recently confirmed clinically in cases of cirrhosis of the liver and splenomegaly -associated with heamolytic ansemia and hemoglobinuria.
